Introduction ▼
It is well known that muscle strength can be improved with a strength training program. Although free weights or a machine are usually used to provide resistance to the muscles working to improve strength, various devices currently exist for strength training [6, 9] . Some of these try to improve ergonomics, to simplify design, and to making these training techniques more accessible to potential users of diff erent ages and in diff erent settings [7] . From this point of view, diff erent studies have employed elastic bands or tubing in their intervention programs on older adults or elderly people and have shown positive improvements in muscular strength, muscular power, body composition, balance and functional mobility [5, 7, 14, 15, 18, 21] . For example, Colado et al. [7] have suggested that elastic bands are an inexpensive alternative to weigh machines because they did not fi nd signifi cant short-term diff erences between these 2 training techniques in adaptations, body compositions, or improvements of physical fi tness for middle-aged women. However, there are fewer studies on the eff ects of 
Abstract ▼
The aim of this study was to assess eff ects of a short-term resistance program on strength in fi t young women using weight machines / free weights or elastic tubing. 42 physically fi t women (21.79 ± 0.7 years) were randomly assigned to the following groups: (i) the Thera-Band ® Exercise
Station Group (TBG); (ii) the weight machines / free weights group (MFWG); or (iii) the control group (CG they tested if its use makes any diff erence in the physical performance of young and physically well-trained people, compared to traditional devices that use gravity, such as weight machines and free weights. Taking all the above into account, together with the need to develop studies examining new and popular forms of exercises used [14] , this study assesses the short-term eff ects on physical performance of resistance training programs using weight machines / free weights or elastic tubing in young fi t women. We hypothesised that subjects participating in either strength training program be no diff erences in short-term programs between the improvements obtained by the subjects using weight machines / free weights and those using elastic tubing.
Methods

▼
Study design
A randomised controlled design with 2 experimental groups was used in order to determine the eff ectiveness of a strength training program performed during 8 weeks and applied with 2 diff erent exercise devices. The implementation of this program diff ered only in the material used during the training sessions, as one group used weight machines and free weights and the other used elastic tubing. To ensure that the exercise program in the 2 experimental groups was similar, exercises with similar stabilisation requirements that involved the same main agonist muscle groups were chosen. To control and equate the intensity between the 2 groups, a method based on the combined use of the prescribed number of repetitions and the OMNI Resistance Scale for the active muscles was used. Previous studies have described the method used for controlling exercise intensity [5, 7] . The control group did not follow any intervention program during this period. Before the start of the training program, all subjects underwent a strength assessment by performing 3 isometric exercises. They also participated in 2 familiarisation sessions where they learned the exercise techniques. In addition, they participated in 3 more sessions to determine the appropriate resistance for each subject and for each exercise, according to the subject specifi c level of perceived intensity and the number of target repetitions.
Subjects
42 women were recruited to participate in the study. All of them were physically active, but none of them performed strength training regularly. Exclusion criteria included neurological, cardiovascular, metabolic, infl ammatory or musculoskeletal problems. The subjects were randomly divided into 3 groups: i) the 
Procedures
The subjects underwent 2 assessment sessions, one before and the other after the intervention. All subjects completed the assessments in a controlled environment at a room temperature of 22 ± 0.1 C during the same week. For the pre-tests, the subjects attended a familiarisation session to learn the techniques for performing the tests 1 week before carrying out the fi rst muscle function tests. Height, body mass, and body fat percentage (Tanita model BF-350) were obtained during the pre-test, according to previously published protocols [4, 7] . All measurements for testing (pre-and post-training) were made using identical equipment, positioning, test technicians, and techniques for each subject. The examiners were appropriately trained and qualifi ed. All tests resulted in good intra-class correlation coeffi cients (rowing = 0.82, squat = 0.75 and back extension = 0.78) for test-retest reliability.
Isometric measurements
A load cell (Isocontrol; ATEmicro, Madrid, Spain) was used to assess the maximal isometric voluntary contraction in 3 diff erent conditions. The subjects performed a standard warm-up before the measurements were taken and had 10 min of rest between the tests. The subjects performed the test in the same order and at the same time of day before and after the intervention. Each subject performed 2 repetitions of each exercise in 5 s, with a 2-min rest period between repetitions. During each repetition the subjects gradually increased their force production in order to avoid sudden, potentially hazardous, jerks. All subjects were verbally encouraged throughout all physical tests. Each test was supervised by the same examiner, with one reference examiner who attended to monitor strict protocol compliance. The load cell force signal was sampled at 200 Hz. The signals were analysed off -line by selecting the subject ' s best trial. All force signal analyses were carried out using Matlab 7.0 (Mathworks Inc., Natick, MA, USA). The central second of the force signal was selected and an average value was used as an indicator of the maximum isometric voluntary contraction ( • ▶ Fig. 1 ).
Vertical rowing
The subjects began the exercise in a standing position, with the knees and hips extended (so that they avoided involving lower limb muscles). A bar was gripped with a width equal to the distance between the acromions of each subject. This bar was fi xed to the fl oor by a chain. A load cell was placed between the end of the chain and the fl oor. The chain length allowed the subjects to place their arms parallel to the ground. 
Squat
The subjects stood with 2 feet on the fl oor, with 90 ° of knee and hip fl exion. The bar was placed behind the head, on the shoulders, and was attached to a chain at each end. The chain was connected to a load cell that was fi xed to the ground. The chain length allowed the subjects to maintain 90 ° of knee fl exion during the exercise. Knee fl exion was monitored with a manual goniometer.
Back extension
Subjects lay prone on a stretcher with the iliac crest placed on its edge and the arms folded across the chest. A belt weight was placed around the dorsal area of the subject. The belt weight was attached to the load cell by a chain. The load cell was fi xed to the fl oor. The chain length allowed the subjects to keep their back straight during the exercise.
Training protocol
The exercise techniques were taught to the subjects in 2 sessions prior to the start of the program, following the criteria of body position, range of movement and breathing [3, 6, 8] . In addition, movement velocity was standardised to a slow cadence (2 s concentric, 2 s eccentric) controlled by a metronome. The total number of exercises that the subjects performed during the program was 15. During the fi rst familiarisation session they learned the techniques for 8 exercises, the others were learned in the second session. 3 more sessions were used to determine the resistance with which each subject should begin the training program, for each exercise. The subjects were familiarised with the intensity control method that was used to determine the appropriate resistance. This method consisted of a set number of repetitions and a perceived exertion criteria [19] . The TBG used the Thera-Band ® Exercise Station whose dimensions are 111.8 cm long, 61 cm wide and 5.1 cm high. The training station has several anchorages where the elastic tubing, bars and handles for the elastic tubing can be attached, which allowed the subject to perform all of the prescribed exercises. In addition, it is possible to fi t an exercise ball in the centre of the station ( • ▶ Fig. 2, 3 ). There were several 30.5 cm elastic tubings in 3 diff erent intensities. The way to change the exercise intensity with elastic bands or tubing has been described previously [5, 7, 10] . The MFWG used machines and free weights with standard characteristics during the training sessions. The periodised training program lasted 8 weeks, with 2 -4 sessions per week. 3 diff erent training sessions were designed depending on the selected exercises ( • ▶ Table 2 ). The fi rst involved both the upper and lower limb muscles and the trunk muscles, the second involved only the upper limbs, and the third involved both the lower limb muscles and the trunk muscles.
The exercises included in each session are shown in • ▶ Fig. 2, 3 .
During the 8 weeks of training, at least 3 sets of each exercise were performed. The prescribed intensity for the fi rst 4 weeks was 7 or " hard " on the OMNI-RES AM scale, with a rest period of 60 s between sets; during weeks 5 -7 the intensity was 8 -9 or " very hard -very very hard " on the OMNI-RES AM scale, with a rest period of 90 s between sets; and during the last week the intensity was 7 or " hard " on the OMNI-RES AM scale, with 90 s rest. The number of repetitions to perform varied throughout the program, starting with 15 repetitions during the weeks 1 -2, 10 during weeks 3 -4, 8 during weeks 5 -7, and 15 during the last training week ( • ▶ Fig. 4 ). Each time the number of repetitions was changed, the resistance employed was anchored at the target number of repetitions and the perception of the eff ort determined previously. For example, if the number of repetitions decreased, resistance increased. Thus, resistance changed by adding more or less weight to the machines or free weights and adding tubing of a diff erent intensity or more tubing for the elastic devices. The sessions were always monitored by the same qualifi ed training instructor, in order to corroborate the methodology, performance, materials, room conditions, and program adherence. Warm-up and cool-down protocols were followed for both groups.
Statistical analysis
Statistical analysis was carried out using SPSS software version 17 (SPSS Inc., Chicago, IL, USA). All variables complied with the assumption of normality (K-S normality test), homoscedasticity (Levene ' s test) and equality of co-variances matrices (Box test). Standard statistical methods were used to obtain the mean as a measurement of the central trend and the Standard Error of the Mean (SEM) as a measurement of dispersion. A mixed model MANOVA [group (CG,TBG, MFWG) x testing time (pre-test, posttest)] was applied to establish the eff ect of the diff erent training methods over the strength variables. Multivariate contrasts were used to determine the existence of signifi cant eff ects of the factors over the dependent variables. The follow-up to the MANOVA was performed using the univariate contrast. Furthermore, Bonferroni post hoc analyses were applied. The level of statistical signifi cance was set at p < 0.05.
Results
▼
As described above, 14 subjects were randomly assigned to each of the 3 groups. However, only 11 subjects in the MFWG and 12 in the TBG took part in the intervention with an attendance of the training sessions above 85 % . From the initial MFWG, one subject did not take part in the training program due to an accident related to her daily life, one subject could not perform the post-test and 2 other subjects did not participate in the study for various personal reasons. One of the subjects in the initial TBG could not take part in the intervention because of an injury related to her daily life and 2 other subjects could not take part for personal reasons. Personal reasons were also the cause for dropping out in the CG. In total, 13 subjects in the CG, 12 in the TGB and 11 in the MFWG were evaluated in the post-test. All data were analysed on an intention-to-treat. Multivariate contrasts showed that there was a signifi cant main eff ect of the testing time over the dependent variables (F 3.31 = 8.88, p < 0.001). There was also a signifi cant interaction eff ect Table 3 ).
There was not a main eff ect of the group over the dependent variables. In addition, pairwise comparisons determined that there were no diff erences between groups in the pre-test in any dependent variables. Discussion ▼
To our knowledge, this study is the fi rst that compares the newly created elastic devices to the traditional weight machines and free weights. Furthermore, this research is the fi rst of its kind that uses isometric tests for strength measurements; to date, only clinical tests have been used. In addition, the population used in our study diff ers from previously studied populations. The young and physically active women in our study represent a step forward when trying to confi rm the effi cacy of the elastic bands or tubings for strength training, as it may be easier to produce adaptations in women who are not physically active and / or aging population. Prior studies have had diffi culty controlling the elastic band exercise intensity [17, 20] . This diffi culty is due to diff erent elongation coeffi cients and their modifi cation during use [20] . In addition, it is diffi cult to evaluate the intensity of the elastic band exercise for comparison with traditional methods. We have solved these problems by using the OMNI-RES-AM scale that has been validated for free weight use [11, 16, 19] together with the number of target repetitions as a method for controlling the intensity [2, 14] . This method of intensity control has been used in recent studies and has been considered to be eff ective [1, 5, 7] . The results obtained in our study confi rmed that the use of elastic tubing in strength training in young and physically active women is eff ective and can yield results that are equivalent to those obtained with weight machines and free weights. Both the group that trained with elastic devices and the group that trained with machines and free weights obtained signifi cant improvements in the 3 isometric tests performed. The control group did not show signs of improvement. The TBG showed an increase of 14.41, 14.07 and 19.87 % in back extension, squat and rowing, respectively. On the other hand, the MFWG had increases of 14.00, 28.88 and 19.76 % in back extension, squat and rowing, respectively. Our results support those found by other studies. Colado et al. [5] found improvements in body composition, physical capacity and blood chemistry with strength training programs of 24 weeks in which middle-aged women used elastic bands. In this work, improvements that they obtained were similar to those improvements reached with a strength training program in water, using devices that increase drag force. Increases in muscular strength and improvements in body composition in middle-aged women have been also identifi ed for a training program lasting 10 weeks [7] . In this case, only minor diff erences in the variables related to body composition between the group that trained with elastic bands and the weight machine group were identifi ed. Furthermore, Ribeiro et al. [18] obtained improvements in isometric strength in dorsi-and plantar fl exion, in balance, and in functional mobility through an elastic band based training program in institutionalised elderly people. The improvements obtained were 50 % in maximal isometric strength in dorsifl exion and 34.61 % in plantar fl exion. These values are higher than those obtained in our study, due to diff erences in the selected sample (elderly people vs. young females) and also because the implemented program was aimed to improve plantar and dorsi-fl exion strength. Zion et al. [21] obtained increases in dynamic strength in elderly individuals with orthostatic hypotension. The improvements were 40 % in bench press, 70.83 % in leg extension and 55.88 % in leg press. However, there were no signifi cant improvements in upper or lower limb isometric grip strength (similar to a biceps curl and a leg press). Ghigiarelli et al. [12] applied strength training for 7 weeks in soccer players who were divided into 3 groups depending on the combination of materials they used during the program (weight; weight and elastic bands; weight and heavy chains). The result of this study confi rmed the eff ectiveness of using a combination It is diffi cult to directly compare our results to those results published previously because we used diff erent dependent variables. Moreover, this study is the fi rst to show that the participation in a training program using elastic tubing is as eff ective as a training program using weight machines and free weights in improving maximal isometric strength in young women; the populations studied previously were elderly people and / or physically impaired people. One of the few studies that used a young healthy subject population was Kraemer et al. [14] This study also developed a training methodology using mediumhigh exercise intensity. However, this study did not compare the eff ects produced by elastic band training to other resistance materials. Our work confi rmed the eff ectiveness of these elastic devices in improving the muscular performance in young and fi t women. It is possible that with a larger sample size and a long-term program, some other signifi cant diff erences between the post-test groups could have been detected. Furthermore, future studies should compare the eff ectiveness of the 2 training methods in improving other parameters such as body composition or dynamic and / or explosive force. For example, in this study the rate of force development was not measured, as during each repetition the subjects gradually increased their force production. The results of this study highlight possible practical applications of the elastic band technique and suggest the need for further study. When referring to practical applications, it continues to demonstrate the usefulness of elastic bands or tubing in strength training, expanding further the characteristics of the people who can benefi t from its use. In this case, it has been shown that the elastic tubing use is as eff ective as the weight machines and free weight use when trying to obtain increases in strength in young and physically active women. Moreover, this study eff ectively used the OMNI-RES-AM scale, together with the number of target repetitions, to control the exercise intensity. We recommend that future studies compare the OMNI-RES-AM scale to other methods of intensity control. Finally, we suggest further research in this area to determine if other populations will benefi t from elastic band or tubing training.
From the present study, we can conclude that the strength training using elastic tubing or weight machines and free weights lead to an equivalent increase of isometric strength in young and physically active women. The elastic devices, and more specifically the exercise station with elastic tubing, could be an inexpensive alternative for people who want to perform strength training but do not have access to more expensive or sophisticated equipment. 
